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Title: PROCESS FOR THE PREPARATION OF DIARYL CARBONATE
Abstract: Diary] carbonate is prepared by reaction of an aromatic alcohol
with a dialkyl carbonate, which dialkyl carbonate has been prepared by
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(57) Abstract: Diaryl carbonate is prepared by reaction of an aromatic alcohol with a dialkyl carbonate, which dialkyl carbonate
has been prepared by the reaction of an alkanol and an alkylene carbonate, which process comprises the following steps : (a) passing
an aromatic alcohol and a dialkyl carbonate into a first transesterification zone to obtain a first product stream containing diaryl
carbonate, alkanol, unconverted dialkyl carbonate and unconverted aromatic alcohol; (b) separating the first product stream into
a diaryl carbonate-rich product stream, an aromatic alcohol-rich recycle stream and a second recycle stream comprising alkanol,
dialkyl carbonate and aromatic alcohol; (c¢) feeding alkanol and alkylene carbonate into a second transesterification zone to obtain
a second product stream comprising alkanediol and unconverted alkanol and dialkyl carbonate; (d) separating alkanediol from the
second product stream to yield an alkanediol product stream and a mixture of dialkyl carbonate and unconverted alkanol; (e) subject-
ing the mixture of dialkyl carbonate and unconverted alkanol and the second recycle stream comprising alkanol, dialkyl carbonate
and aromatic alcohol to the same distillation to obtain an alkanol stream as the lower-boiling fraction and a contaminated stream
comprising dialkyl carbonate and aromatic alcohol as the higher-boiling fraction; (f ) recycling the alkanol stream of step e) to the
second transesterification zone; and (g) passing the contaminated stream comprising dialkyl carbonate and aromatic alcohol, and the
aromatic alcoholrich recycle stream to the first transesterification zone.
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15document also describes the production of diaryl carbonate from dialkyl
carbonate with an aromatic alcohol. In this reaction a transesterification of

WQIRNSAYHMonate takes place whereby overall the diaryl carb®63t&ER008/050605

produced and as by-product alkanol is 20obtained. The dialkyl carbonate
can be produced from an alkylene carbonate and an alkanol. This reaction
yields as useful products not only the aiajikﬁ carbonate that can be used
for the preparation of diaryl carbonate, but also a useful alkanediol. For
this reaction one may use 25the alkanol that has been liberated in the
transesterificatiorssf dialky! GarFGTatRRNI QroMELti© BAG0I0I CARBONITE
process wherein alkanol that has been liberated in the transesterification
of dialkyl carbonate and aromatic 30alcohol is used in the preparation of
dialkyl carbdifatBr£221§ khoVATfrbRT JAFARESE Patert Rpplication or the
PublicatioaNe 130-A 0904061 6. dhis-daatment desgrbesthe reaetion of
propylene carbonate Wif? methanol to yield.a mixture of dimethyl
carbéﬁgt%agrll& n?e?t%%}rl\% ont }éoane&ﬁgyr%% lndC gf QB%tp%'nediol as
product ontheothechahdnThe mixtwrelobdintethyl carbohbte apgdterials

methanol is,subjected to gxtrastive distillationo The dacumentfurther
describes that phenol and dimethyl carbonate are reacted in a

transeStectioiiL6ite 16 Vidl§ d'GPREAGIEAdNAYe ADSHRET RGP n ©of @
streaim comprisingamreactedcdinethytcadiohate angdimetyanalnBotmthe In

diphenyl car QQB%E%B”S%”E%:&%@% ét@f‘é%lﬁé??W Fﬁ@%& Jiety! carpnate

and methanol contain phenol. The diphenyl carbonate stream is theréefore

subjécted 16 distilkiontio VIERPBGHfiEd 1 SefphETRA ehtboraevaie Phefiok he

whichphendal isfeeycled to the transestestlication zane. dhelkyl carbonate
phenol-contaminated stream comprising dimethyl carbonate and methanol

is su%jletc}fectﬁfg sepaFate distitstion to obtain a purified stream of dimethy
carbonate @hd metiranot, iand afsepdrate 20stream of/pliérol.

SUb%%ﬁyﬁgb&gﬁ%PHHﬁggQ%%@Qfﬁcarbonate with an aromatic

dihydroxy compound is known from US-A 5,747,609. This
document also describes the production of diaryl
carbonate from dialkyl carbonate with an aromatic
alcohol. In this reaction a transesterification of
dialkyl carbonate takes place whereby overall the diaryl
carbonate is produced and as by-product alkanol is
obtained. The dialkyl carbonate can be produced from an
alkylene carbonate and an alkanol. This reaction yields
as useful products not only the dialkyl carbonate that
can be used for the preparation of diaryl carbonate, but
also a useful alkanediol. For this reaction one may use
the alkanol that has been liberated in the
transesterification of dialkyl carbonate and aromatic
alcohol.

A process wherein alkanol that has been liberated in
the transesterification of dialkyl carbonate and aromatic

alcohol is used in the preparation of dialkyl carbonate
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dimethyl carbonate and methanol is fed to the same extractive distillation
as where the first mixture of dimethyl carbonate and methanol are being

WerEEe W the extractive distillation an extractant is being use®f:T/EP2008/050605

25Examples of extractants are alkylene carbonates, e.g. those that are
being used as starting material for the preparation of dimethyl carbonate.
Such a process for the production of dialkyl carbonate from the reaction of
an alkglfi(ne carbﬁonate gmd 30an a%)katnol,tinAwhi]([:h a gialkyl 1 .
carborate/aikanol mixture is' gﬁﬁjec?ec? b aneXtractive distilation with e
samé&alkyléné cavhdiatetas Ertractimtisnalso kisown fiomm Wits Areaction
03/09@%@0%1&1%6 oLthe issues,in the jntegration of the processforthe.

production of diaryl carbonate and the process for the groduction of dialrgl

carb8haft aRd Bkarfdio PENQAENE Yy &8I s pStentiaf conamination

the Salkyenegdyeel with tHe arematie alecoholesvemas phendl. Suehmixture
contamination is highly undesirahle,,Mareover, the purification o
e e ) R e
Appleants of IP09040616 RaveSolvérthis pratien by iowmidiAg acribes

dedicated distiffationscelummia pyiify-thephenal-contaminated;strgam of
dimethyl carbonate and methanol. Any phenol is thereby removed from

this STEAMANEP e pfied 3t can theh e FedytiaTty the BkraBiVeE
distilatiorezorento separatermethranol fromy 1bdiraeting cadboratey The

methanol GaR.suseauently be recysled tq the 5%%%%9‘: methanaland

propylene carbonate without running the risk of either contamination of the
eventlG&ISFBpYIehe §fycd i protuct SHbUitLGY of phehbdY in fherextadtantBf
the exdraciive 12Qdistillationonend he aveidange ©f suchdisktherefoseream is
Com%%é";tfg}%eép%ﬂ%eé’f@é‘da%%i“a?%'t‘iifg% tion oM.\ oy eq
present invention prox—}ld%s a process in whic the use of Suich A
expehsiveedistillgtoreoiimndsa@ophenol, which phenol is recycled

to the transesterification zone. The phenol-contaminated
stream comprising dimethyl carbonate and methanol is
subjected to separate distillation to obtain a purified
stream of dimethyl carbonate and methanol, and a separate
stream of phenol. Subsequently, the purified stream of
dimethyl carbonate and methanol is fed to the same
extractive distillation as where the first mixture of
dimethyl carbonate and methanol are being treated. In the
extractive distillation an extractant is being used.
Examples of extractants are alkylene carbonates, e.g.
those that are being used as starting material for the
preparation of dimethyl carbonate.

Such a process for the production of dialkyl
carbonate from the reaction of an alkylene carbonate and
an alkanol, in which a dialkyl carbonate/alkanol mixture
is subjected to an extractive distillation with the same
alkylene carbonate as extractant is also known from

WO-A 03/006418.
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25longer needed. Accordingly, the present invention provides a
process for the preparation of diaryl carbonate by reaction of an aromatic

WQKHEHEPHRA a dialkyl carbonate, which dialkyl carbonate has Be&#&P2008/050605

prepared by the reaction 300of an alkanol and an alkylene carbonate,
which process comprises the following steps: (a)passing an aromatic
alcohol and a dialkyl carbonate into a first transesterification zone to

obtain a first - 4 - product stream contajning diary' carbonate, alkanol
pro Aining diary ¢

unconverte%nﬁiaﬂ(yl carbonateand Unconvered Aromatic éﬁcoﬁole; &Socess

sepafating tiee firstprotuctswéamimty & diand Soarbopate-titlke ppodysts s
stream,-an aromatie alcohal-rieh secycle stream andia sepand recvele 1

stream comprising alkanol, dialkyl carbonate and aromatic alcohol; (c)

feedify&kanbFafAd Widiéné tarbonae Rt a%secon Fansesteficatiort e
zoneattkghtair aggecond HAprodiict streains cam prisiag alkanadiol and
unconverted alkangl and unconverted dialkyl carbonate: (d) separating
O o B e e ) S ) SRt odct
stredff Rl Mmixtdre efdiakyreadsonaté antPtrcorisriedh alkeit:

15(e)subjecting the mixtuse &k dialkylicarbopate angancopvertagkalkanol
and the second recycle stream comprising alkanol, dialkyl carbonate and

aromAtie dicBR6Ptd the Sarh didfilfatidi 6 o Stai & diRdfoPSreamadthe

lowesddilng fradkon eadeal contaminatédon column to purify the
phenol-contaminated stream of dimethyl carbonate and
methanol. Any phenol is thereby removed from this stream
and the purified stream can then be recycled to the
extractive distillation zone to separate methanol from
dimethyl carbonate. The methanol can subsequently be
recycled to the reaction of methanol and propylene
carbonate without running the risk of either
contamination of the eventual propylene glycol product or
build-up of phenol in the extractant of the extractive
distillation.

The avoidance of such risk therefore comes at the
expense of an additional distillation column.

The present invention provides a process in which
the use o0of such an expensive distillation column is no
longer needed.

Accordingly, the present invention provides a
process for the preparation of diaryl carbonate by
reaction of an aromatic alcohol with a dialkyl carbonate,
which dialkyl carbonate has been prepared by the reaction
of an alkanol and an alkylene carbonate, which process
comprises the following steps:

(a) passing an aromatic alcohol and a dialkyl carbonate

into a first transesterification zone to obtain a first
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20stream comprising dialkyl carbonate and aromatic alcohol as the
higher-boiling fraction; (f) recycling the alkanol stream of step e) to the

W e tahsesterification zone; and (g) passing the contamiffalgeP3fesA1$) 605

comprising dialkyl 25carbonate and aromatic alcohol, and the aromatic
alcohol- rich recycle stream to the first transesterification zone. This
. — 4 — . .

process allows that an aromatic alcohol- contaminated stream of dialkyl
carbonat artld alkan(%(I1 cann%Obe subje&ted t(i the same gistillaggn aslthe
mixtdire o &alksyﬁg?bonca e and afkanot obtained a8 the &’odﬁct of the
secondctravsestedfidationr zoneaShmoesthe distillatiorrisveortducted suehi ¢
that the.alkanol is - 5 - obtained over the top of the column and the dialkyl
carbonate with any aromatic alcohol is obtained at the bottom of the
colurhity, and§kée e B8ntdifinated didlkyIkrbonate fitis obfaited i Ty
passesdrtodhetfist Strangestetificaton zone, thererisnnoctisk thatdthel -rich
second tra sestgrification zone is congalminateq Withcaromatic alcohol with

recycie s reamﬁan a SﬁCOI’l . re ¥C e S redaml CO rising
undesired isastrous effects on the purity of the alkanediol product.
Moreovernah arématicalcslisltisrééycleddoahetirstittandestbsification

zone tYwitheuttherneed foran additional separatedistillation. i nc Jhe
figure d%g)icts a flow scheme for the process accordaj{lﬁg‘ to the present

inveritfioi, Ks indieatedatiove, thé {st8paration-8f Girgrt ™ @ second

product stream comprising alkanediol and unconverted
alkanol and unconverted dialkyl carbonate;

(d) separating alkanediol from the second product
stream to yield an alkanediol product stream and a
mixture of dialkyl carbonate and unconverted alkanol;

(e) subjecting the mixture of dialkyl carbonate and
unconverted alkanol and the second recycle stream
comprising alkanol, dialkyl carbonate and aromatic
alcohol to the same distillation to obtain an alkanol
stream as the lower-boiling fraction and a contaminated
stream comprising dialkyl carbonate and aromatic alcohol
as the higher-boiling fraction;

(£) recycling the alkanol stream of step e) to the
second transesterification zone; and

(g) passing the contaminated stream comprising dialkyl
carbonate and aromatic alcohol, and the arcomatic alcohol-
rich recycle stream to the first transesterification
zone.

This process allows that an aromatic alcohol-
contaminated stream of dialkyl carbonate and alkanol can
be subjected to the same distillation as the mixture of
dialkyl carbonate and alkanol obtained as the product of
the second transesterification zone. Since the

distillation is conducted such that the alkanol is
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carbonates from the reaction of aromatic alcohol with 15dialkyl carbonate
is known from, e.g., US-A 5,747,609. The reaction is generally performed

WOHRE(9d82Nnce of a catalyst. As indicated in the above-mentiaE&#R&8/050605

document there are many types of catalysts, including lead compounds,
salts or complexes of copper, silver or gqld, 20alkali metal complexes,
zinc complexes, cadmium complexes, iron, nickel or cobalt complexes,
zirconjum complexes, organotin compounds, Lewis acids and., ,
LeWRAGASAING frakSon Retal compinai S ad Al X3 TS ix,
VO X3 8B X &1 EEX3ran e SaXA! ire whicle X025 represertsre latdgemie

atom, AN acetoXy GeUR a0 AKOX, graum Qe ap,ary Xy 9reuR- Brafesalhicy 1
the catalé%ls selected from the group consisting of compounds of lead,

titanitft, A il rBHSWhISHF CORfpotmdRachiftdinRalide dikéxyFor aryloxy
moietiesn Maredprefarabty, dhe alkexy 80gtoupisscontain fromido & aarbon
atoms_and ihe ryloxy aloup is.phenexy. Most preferably, g eatausts a
tetra—aeiﬁoxy titanium cata]fyst, wherein the eﬁkoxy group - 6 - contains from

2 to BABGA AteMSP 8ach asthropesky s butskys peatdxpand Hekexys on the

groupsr ity I8 genesalthe-amgupts gheatadysts vinay yaprbetween ORRL 1 ¢
to 2%wt, based on the total Weight of dialkyl 5carbonate, aromatic

hydrBxyI €Empoind SakIaYI CarbdiTatbl Hiiry "Carbonate ahb iRyt on 2one
alcohadlt Poefertgtcamsrnts inclade £1005 tod8swsanerepeeféfredi 11ation.

E‘;“eonugfsgﬁﬁé‘egdfifg%@@ 149.9-5%awt, The,feactip,conditiopg haye alsa
according to the present invention.

As indicated above, the preparation of diaryl
carbonates from the reaction of aromatic alcohol with
dialkyl carbonate is known from, e.g., US-A 5,747,609.
The reaction is generally performed in the presence of a
catalyst. As indicated in the above-mentioned US document
there are many types of catalysts, including lead
compounds, salts or complexes of copper, silver or gold,
alkali metal complexes, zinc complexes, cadmium
complexes, iron, nickel or cobalt complexes, zirconium

complexes, organotin compounds, Lewis acids and Lewis-
acid-forming transition metal compounds, such as AlXs3,
TiX3, TiXy, VOX3, VX5, ZnXp, FeX3 and SnXy, in which X
represents a halogen atom, an acetoxy group, an alkoxy
group or an aryloxy group. Preferably, the catalyst is
selected from the group consisting of compounds of lead,
titanium, tin, and iron, which compounds contain halide,
alkoxy or aryloxy moieties. More preferably, the alkoxy
groups contain from 1 to 8 carbon atoms and the aryloxy
group is phenoxy. Most preferably, the catalyst is a

tetra-alkoxy titanium catalyst, wherein the alkoxy group
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10US-A 5,747,609. The residence time or reaction time is generally in the
range of 0.001 to 50 hours, preferably from 0.01 to 10 hours, more

WREA8/RHWTrom 0.05 to 5 hours. The reaction temperature mBCHEYAHEPS0605

depending on the dialkyl carbonate used and diaryl carbonate
15produced. In general, the reaction tgméoe_rature may range from 50 to
350C, preferably from 120 to 280C. The reaction pressure is not critical

either and can bg sele%ed Wi6thin nge rantges. Itis feg\sible to conduct the
ontain rom (9] car a
reaction at su%-atmosp

{
etnc, atmospﬂrelric aonn(ljséuﬁéqu 26 Sat%ro%%%@it
pressureeTthe reactionypressureissgeneradyfrom 0.01 to 100 bar (1 kPa
to 10 MPa); preferably from.L tg.50.par. o Thedirstirangesteyification  yeen
may be conducted in a reactive distillation zone. In such a zone the
separalid 250f e firstAoatctstream Coitamiig tiary carsbriatey !
alkanelr uhaanverted shalkylcarponais andamncanvestesh agomatie alcohol

alreadly, igkes place I 6 vansesterfication zong, Unconyerted diglol,, o
carbonate an a1kanoaI, \o/ptlona y together with entrained aromatic
30aleslvinafe passedwupivdtes ifithe Yohe aivd didrySéabordtéandnts

aromgticalcehghare. passed downyyards in the zone. This is also shown in
JP-A 09040616. The unconverted dialkyl carbonate and alkanol are

withdrawn =°F - TR tHE Transdtarifidation Y one afid ars Usedas at st "
part bbtife Secarid f€Cyclestreans. jAkermativels itds possiblédo dondelct s

the first transesferification in.g full lguid ieactar,sueh that,the firstprodyet
5stream contains diaryl carbonate, alkanol, unconverted dialkyl carbonate
and dreShVertéd afomatit AeEsholmor e TRESHSE fFahEeSterfication Zzoned

may eueenducted b aneiwactionzone: Heweaver, kisprefersedd@ending

employ at least two reaction zones. In the first. zone th
Ot LSt OO o GEATRT FArEor S b e lac 8 B et
alcolvaiag el -aryhcakioriate takes plarec Subsegereptyait s possible eage

make the alyl aryl-carbenats react wiih additionsd arematig @leohahto

yleldrdelglc‘:ytlicgrrlb?ar;%tses%g%aiksanr?cL't critical either and can be
selected within wide ranges. It is feasible to conduct
the reaction at sub-atmospheric, atmospheric and super-—
atmospheric pressure. The reaction pressure 1s generally
from 0.01 to 100 bar (1 kPa to 10 MPa), preferably from 1
to 50 bar.

The first transesterification may be conducted in a
reactive distillation zone. In such a zone the separation
of the first product stream containing diaryl carbonate,
alkanol, unconverted dialkyl carbonate and unconverted
aromatic alcohol already takes place in the
transesterification zone. Unconverted dialkyl carbonate
and alkanol, optionally together with entrained aromatic
alcohol, are passed upwards in the zone and diaryl
carbonate and aromatic alcohol are passed downwards in
the zone. This is also shown in JP-A 09040616. The

unconverted dialkyl carbonate and alkanol are withdrawn
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15Preferably, however, in the second zone the disproportionation reaction
of two molecules of alkyl aryl carbonate to diary' carbonate and dialkyl

WQR MBI Takes place. These reactions have been disclosedkf T&EH2008/050605

US-A 5,747,609, US-A 5,344,954 and US-A 5,210,268. 20Suitable
reaction conditions include those disclgsgd_in these documents, in
particular in US-A 5,210,268. According to this document the residence
time Pf the{ acttants in thte Iig%dcphtase is in the range of 0.00%to 50 rtlr,
preferably in the range from 0.0110 10 hr,“More 25préferablyin thé range
from1E65torxht. Sditalily, theaeadtionconthticns eempriseta pregsurelof,

below:0.01 barto.ahove. 200 has,preferably from 0.05 1o 20:bar; anda ; on
temperature of 50 to 350, preferably of 100 to 280C. Catalysts, if present,

may b Selbbted frofttHbsethat 30aré afsd-Béingtised it fe Product
transesterificatiam: Prefertad catalystrareniead, phanexide (Ph{lPbd)2)red
titanium phenoxide (Ti(Ph0)4) and dibutyl tin_oxide (Bu2Sn0).. However,
a0 L R b e
used. Fhené of Mholter stisseqrantiseprration zomesrey. Wistifatidpcted
zonesy thg separationbetwern the diarycarbonaterFehpredyct streaph oy
the aromatic alcohol-rich recycle stream and the second recycle stream
comprisingHikandi® dfaiRyi ‘carBoASIE Snd HromAticTalt ShoFiS stected.
Suitably tivis Separation is effectediinativgy distilation zoaes Wwherir in the
first e the 10separation hetween.the second recycle stream anda .

mixture of aromatic alcohol and diaryl carbonate is obtained, followed by a
separatiGi between the'atsMEtit diEohdlfand the dfarhi-Cafboriat& cThee
aromaticyalceholrieh reeycle stieada is suitablygecyeled-to theditst 15
transelst%r}ilficlatiton ZQne. Tiarel gliaql carhbonate-rich stre%r]p may .be further

A O, yile A and alkano
purified as eswed,ye.g.%y urther distiration s eps.
Preferably, however, in the second zone the

disproportionation reaction of two molecules of alkyl
aryl carbonate to diaryl carbonate and dialkyl carbonate
takes place. These reactions have been disclosed in,
e.g., US-A 5,747,609, US-A 5,344,954 and US-A 5,210,268.
Suitable reaction conditions include those disclosed in
these documents, in particular in US-A 5,210,268.
According to this document the residence time of the
reactants in the liquid phase is in the range of 0.001 to
50 hr, preferably in the range from 0.01 to 10 hr, more
preferably in the range from 0.05 to 2 hr. Suitably, the
reaction conditions comprise a pressure of below 0.01 bar
to above 200 bar, preferably from 0.05 to 50 bar, and a
temperature of 50 to 350, preferably of 100 to 280°C.
Catalysts, 1f present, may be selected from those that
are also being used in the transesterification. Preferred

catalyst are lead phenoxide (Pb(PhO),) or titanium

phenoxide (Ti(PhO)g4) and dibutyl tin oxide (BusSnO).
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The conducting of the second transesterification, i.e. the conversion of
alkylene carbonate with alkanol, 20is also known in the art. Reference is

WO MW 19B-A 5,359,118 disclosing a process in which di(C1RSA&RHP8/050605

carbonates are prepared by transesterification of an alkylene carbonate
with a straight or branched 01-04 alkapo!; 25The transesterification step is
advantageously carried out in a column into which the alkylene carbonate

is fed at the uppeﬁgart, such that the algglene c%rbonat flows dow

in .
counter currént ("?1ont%c?Ev}ft%ru;():v"fll}';i‘ra1 §/Ism0\7inauacf anol. %Sﬁro%h%g?ﬁ'need -

reactiérrds a,30diakyBcadonate apeldan alkanediol. The dialkyl carbonate
is recovered-atthe upperpart ofthe golumn asthefopsireane Ihee g

alkanediol is recovered as the bottom stream. Alternatively, the
transEstérificatioPstepMay” - 9%e eBAdactedin°s cBRFENORadsatior,

as disslosed-indJoiA 4, 620044c stddentransesterifieatidrrisasuitataly —rich
condryecte% 'ineth%geesr?nce dof a ecatael¥str.l uitgble Egtasl%srtgahngvce pﬂeern sing
5described in US-A %,3@5,11% and include ]ﬁya}fiaes, oxides, hygro%q&es,
alcolddafes amidies] by Safts of ailicdliPmetdlsa endithian® seediarh, 15

potagsivay duididm: ane caesin. Bigferedicatalysts are hydroxides @
alcoholates of potassium or sadium, It is advantageous to 10use the

alcolidlate of the 3ikahdl trar T8 Hefrd usBd ¥ feetstdck Elich Bicoholate
can beradedias suchwrdeingformedinisitecycle stream and a

mixture of aromatic alcohol and diaryl carbonate is
obtained, followed by a separation between the aromatic
alcohol and the diaryl carbonate. The aromatic alcohol-
rich recycle stream is suitably recycled to the first
transesterification zone. The diaryl carbonate-rich
stream may be further purified as desired, e.g. by
further distillation steps.

The conducting of the second transesterification,
i.e. the conversion of alkylene carbonate with alkanol,
is also known in the art. Reference is made to

US-A 5,359,118 disclosing a process in which di(Cj-Cy

alkyl) carbonates are prepared by transesterification of

an alkylene carbonate with a straight or branched C1-Cy

alkanol.

The transesterification step is advantageously
carried out in a column into which the alkylene carbonate
is fed at the upper part, such that the alkylene
carbonate flows down in counter current contact with
upwardly moving alkanol. The product of the reaction is a
dialkyl carbonate and an alkanediol. The dialkyl
carbonate is recovered at the upper part of the column as
the top stream. The alkanediol is recovered as the bottom

stream. Alternatively, the transesterification step may
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Other suitable catalysts are alkali metal salts, such as alkali metal
acetates, propionates, butyrates, or 15carbonates. Further suitable

WQRaaRa187e described in US-A 5,359,118 and the referenceZGI&iRSA®AS0605

therein, such as EP-A 274 953, US-A 3,803,201, EP-A 1082, and EF-A
180 387. Further suitable catalysts are hgte_rogeneous 20catalysts, such
as ion exchange resins that have been functionalised with tertiary amine
groups, %uatgénar ammonium groups, su{phomc acid groups or

tdd : d
carboxyllcoélm Cgroup%.no‘%hgro Hetee?oégﬁgoug %%E’;ﬁ%t‘s inCIUde SIS Metal

and dlkaliné €&th fAvetal silicates on silica or 25ammonium-exchanged

zeolites. Thege catglystshaveseen disclasedin USsAA69104 eq in the

The transesterification conditions for the manufacture of dialkyl

carbBREREAT® Ko T the Bittand ShtdbiAncRide a temperdtré$fom

40 tad260¢; aad 30a pressuse 3rom 0L65 da40i MPawRreferablyidbe oxides,
pressure is from 0.1 to 1 MFa.. The temperature depends on.the alkanol
ook g S AL han B etive st Snd aTs
emphesed! the ferfperatiifé is'm10sqsieferabRPkestssush tHattidiclese te!
and abave the belingpeink ot the alkansl..8.8. HPIEHG @bove:the boiling
point. In the case of methanol and atmos%he,ric pressure, the temperature

is clGSE T And above 65 fof SiiltaRte Betwddn 65 and 7002 M AdRRF O
the sesenditrarsestenficatiorris corductednn h reactive distdlatipnuzene as

the sgpagation of the, alkanediol frorp the Second product Seam, o peing
comp%g?rqgo'{h(ianalléairé%d.lol, unconverted alkanol and dialkyl carbonate

Other suitable catalysts are alkali metal salts,
such as alkali metal acetates, propionates, butyrates, or
carbonates. Further suitable catalysts are described in
US-A 5,359,118 and the references mentioned therein, such
as EP-A 274 953, US-A 3,803,201, EP-A 1082, and
EP-A 180 387.

Further suitable catalysts are heterogeneous
catalysts, such as ion exchange resins that have been
functionalised with tertiary amine groups, quaternary
ammonium groups, sulphonic acid groups or carboxylic acid
groups. Other heterogeneous catalysts include alkali
metal and alkaline earth metal silicates on silica or
ammonium-exchanged zeolites. These catalysts have been
disclosed in US-A 4,691,041.

The transesterification conditions for the
manufacture of dialkyl carbonates are known in the art
and suitably include a temperature from 40 to 200°C, and
a pressure from 0.05 to 40 MPa. Preferably, the pressure
is from 0.1 to 1 MPa. The temperature depends on the
alkanol feedstock and pressure used. When a reactive

distillation zone is employed, the temperature is
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10already takes place in the transesterification zone. Unconverted
alkylene carbonate and alkanediol are passed downwards, and dialkyl

WQRAMBHAMBY And unconverted alkanol are passed upwards in tHRCIGR208& 050605

shown in US-A 5,359,118. 15However, when the transesterification is
conducted in a conventional reactor, as ldgsgribed in US-A 4,691,041, the
separation of the second product stream is effected in separate separation

zones, such as dis%illatj;on zones. The disti,llatioT condtitionsﬁga%var%/ h
20widef ,%Jrsﬁngii%a &d in US: E?é‘@tl,d&l.lfhg p?ggsur%samay vacr)ilf rom <
subatmbspheripoern:, 04 bak te Supep-atmospherie, eq.p1008ayve the

Prefeyged disfillationpressurgs.rangefram Q2 10,20 bar,Ihe distillatiop;
temperatures are dependent on the pressure and the 25compounds used.
Gen&raiy THES rahfe IR f-466CtS Cwhigh the aRdnédil hasbéen o
sepatatethand reeavered &S peaductdhe remaining mixture of dialkyl

carbonate and unccrg)nverted %{kgnol is to.be ditstilleg.. The mixture js f d&o.
Lhe secon ransesterificC 10n 1s Cconductre in
the same distillation zone as the second recycle 30strearn from the iary'

carbén&rAgiotiietidns Whicih séeond ey dlestreripd cohiprisextalkafol,
dialkyh garhonete andaromaticalcohel Jtissevident thatthisdistillation; the

can also handle any other contaminant that has been entrained with an

of th8 SHEATE, SUch AS ARy Uridonviettesd Sikyfdhe Sarbohte HACRAT Be
preseftisctie makare ofl diadkyl tarbenatesare sneongeérted adkanaind his

distillgtion s sanductad sych thatng aromatic palcehaljs entrained in the o 4

alkanol stream that is withdrawn from the distillation zone as the

low-BGITAY $attion TRiSé AtHiE thaf tHe aralid/| Tatb SRaR T tisst alkanol
aromatic aleebekargrecayvered asibeAygh-bailing preducts at the bottom

of the di tiléatig)gbzonle8 The 10alkanol stream obtained in this step
preferably does nbiL contain significant amounts of dialkyl carbonate.

Hence, thefiwel-kaowrrazaeotrbpe of methahot iithca dialkylicarbondtestind

partieulay dimethyl cashenate. 4spyeferablyavoided.as the alkanol

stream. The alkanol 15stream preferably contains from 0 to 10 %wt of
cﬂamyﬁ_A 4,691,041, the separation of the second product

stream is effected in separate separation zones, such as
distillation zones. The distillation conditions may vary
widely, as indicated in US-A 4,691,041. The pressures may
vary from subatmospheric, e.g., 0.1 bar, to super-—
atmospheric, e.g., 100 bar. Preferred distillation
pressures range from 0.2 to 20 bar. The distillation
temperatures are dependent on the pressure and the
compounds used. Generally they range from 40 to 400°C.
When the alkanediol has been separated and recovered
as product the remaining mixture of dialkyl carbonate and
unconverted alkanol is to be distilled. The mixture is
fed to the same distillation zone as the second recycle
stream from the diaryl carbonate production, which second
recycle stream comprises alkanol, dialkyl carbonate and
aromatic alcohol. It is evident that this distillation

can also handle any other contaminant that has been
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carbonate. When the stream contains more dialkyl carbonate the space
time yield in the second transesterdfication zone 4s affected now that the

WQiEmsA¥HMonate product is recycled to this zone. 20The aroMaliEBIE8#HBF0605

contained in the contaminated stream containing dialkyl carbonate is
recycled to the first transesterification_zolqe._Since both the dialkyl
carbonate and the aromatic alcohol are réactants in this zone, the fact that
the stream js ¢ ntaingi}gated Witp %%aromatic alcohol does not affect the

reacfion.” *"fhe “[’)resen Mvention %aﬁtsruelt%ﬁy bé'Uised for the
preparationvet akanediold eoatainingr2a6 6 cdrbonapnis: Theretoithen the

alkylgne carbonateis prefarably ghtained from the seaetiqn of amoxgrane
with 2 to 6 30carbon atoms with carbon dioxide. More preferably, the

alkyl&hé taibonate R Ethleht CAbOnats dr propyleheé catBoAatdiath”
alkanaldniibe secoadtrarisesieritication isisuitably arralkanehwith ilsto 4

carbon Alams, [he, 42 Akangl mavbe sralant orranghed Mg 1 < g
technology has been%eve?opedS urthest using methanol. However, since
methiant térds td Tortn azestrépes with dikyl catboratesr 8aeRtes and the

dimeth\carbenate; dhe LseQf Smethanalds nst preferrad, Risterahly, the
alkanol is ethanol, or a propanol, eg. isogropanol. The aromatic alcohol
is

that RGSBIF It present invetftion réthbly phehdror préfiol The
substittedatitts onezor mbre atkyd groupdisuchras Gl-EZealkyllgrolgpss not

Sl;]itaplf\{q‘é’étbrﬁ 19methyl aroup, Mostnrefarably the aromafie aloghol s, oo,

phenol. The diary' carbonate produced in the process of the present
inverttith 1&eduitaBly 1isedaf the Preparatisit- 6Pty circhates b the!
polymerisatian ayith a dikydroxy1tbarematicgamperndn preferabkly with

Bisphenal A, The invenfion thus alsg relates 9 use ofthe dian carbongte
prepared In aCCa/r ance wi e above-described process, for the
Kyepaﬁgﬁﬁmopp@@@aﬁyﬂynggmgah@s from 0 to 10 %wt of dialkyl

carbonate. When the stream contains more dialkyl
carbonate the space time yield in the second
transesterification zone is affected now that the dialkyl
carbonate product is recycled to this zone.

The aromatic alcohol, contained in the contaminated
stream containing dialkyl carbonate is recycled to the
first transesterification zone. Since both the dialkyl
carbonate and the aromatic alcohol are reactants in this
zone, the fact that the stream is contaminated with
aromatic alcohol does not affect the reaction.

The present invention can suitably be used for the
preparation of alkanediols containing 2 to 6 carbon
atoms. Thereto the alkylene carbonate is preferably
obtained from the reaction of an oxirane with 2 to 6
carbon atoms with carbon dioxide. More preferably, the
alkylene carbonate i1s ethylene carbonate or propylene
carbonate. The alkanol in the second transesterification

is suitably an alkanol with 1 to 4 carbon atoms. The
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polymerisation with a dihydroxy aromatic compound, 20preferably with
Bisphenol A. More in particular, the Invention also relates to a process for

W@rE0§9aPation of polycarbonates comprising preparing a diaP{ ZEP36#a060s

by reaction of an aromatic alcohol with a dialkyl carbonate by the
above-described process, and 25polymerising the diary' carbonate with a
dihydroxy aromatic compound, preferably with Bisphenol A. The Figure
shovxéslg flovsischen'lgeofstthe process acggg%lgg et% the}Presen |nv]Tnt|on

anol m raight orL. . .IHe. Technolo has
An aromatic alchO' IS passeeﬁnto a]fll’St transes erlﬁcatlon Zone v(t:%]a

30lineckVidear iner®d dialkyhearbonate s alsohpassed ityever, since
transgsterification.zone 1. A fransesterification.cafalyst may be present in

heterogeneous form in transesterification zone | or a homogeneous

cataly&f REBAE 9D - BE $8d dritothBtkarse tERRCATOIT zohE8S Wiftf oRé of
the reactants Or via aseparatestine (hoteshairnk AS deseribe abave the s

trans sftlerificiation zaone | maé%cgmprise several reactor. toninaIIéy arrive.at
% arnol, or a prog oL, 'e % lSOBrOgaI’lOfk. e romatic
a product 5stream 3 that comprises diaryl carbonate, alkanol, unconverted

dialkgleatohatdahditnétirried fsmatie afsBholNTRRBreduEs stream

is feghintea sepgrationeane i wherefion a.diaryhgargopaterishdredugbre

stream is discharged via a line 4, an aromatic alcohol-rich ,
alkyl groups, such as C1-C4 alkyl groups, suitably with a

methyl group. Most preferably the aromatic alcohol is
phenol.

The diaryl carbonate produced in the process of the
present invention is suitably used in the preparation of
polycarbonates by the polymerisation with a dihydroxy
aromatic compound, preferably with Bisphenol A. The
invention thus also relates to use of the diaryl
carbonate prepared in accordance with the above-described
process, for the preparation of polycarbonates by the
polymerisation with a dihydroxy aromatic compound,
preferably with Bisphenol A. More in particular, the
invention also relates to a process for the preparation
of polycarbonates comprising preparing a diaryl carbonate
by reaction of an aromatic alcohol with a dialkyl
carbonate by the above-described process, and
polymerising the diaryl carbonate with a dihydroxy
aromatic compound, preferably with Bisphenol A.

The Figure shows a flow scheme of the process
according to the present invention. An aromatic alcohol
is passed into a first transesterification zone I via a
line 1. via a line 2 a dialkyl carbonate is also passed
into transesterification zone I. A transesterification
catalyst may be present in heterogeneous form in

transesterification zone I or a homogeneous catalyst may
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10recycle stream is withdrawn via a line 5 and a second recycle stream
comprising alkanol, dialkyl carbonate and aromatic alcohol is withdrawn

WIS The aromatic alcohol-rich recycle stream is recyX&d #6PAIE8/050605

transesterification zone | via admixture with the 15aromatic alcohol
feedstock in line 1. In a second trgnfgst_erification zone lll an alkylene
carbonate, Introduced via a line 7, and arn alkanol, introduced via a line 8
are reacted in.the presence of a catalyst to yield a second product strea
o g s b (i el
The tatalystanaybespresent asaa heterogeneduscatalyst ehfedhas ars
homageneays catalyst ipie. the ransesterification zone i with ape of the

reactants or via a separate line (not shown). The second product
25stiedif feave e Z0Ae I AL adine § Antlisassedtod Setbony Product
sepasatierzonedNawvherain-ane Ordnate; distiation steps theseeand

product stream iso§e arfﬂ{edJTinto an alk nediocgl product stream withdrawn
Via 8 NG 10 and 3 rixture of Gl caibbnate and undomverted 30aIAnGI
discldrgedadia allie 10 THeThix@Grecdialikyt chploratecarnd Breanvered

alkang)ds mixeghwith the,segond fecycle stieam comprising akane!l, stream
dialkyl carbonate and aromatic alcohol from line 6, and the - 14 - resulting

admixture'is prEsed to'a distillatibh zone™. AltRBagh the present = 1ch
embaodinyentedesorizes the admixingwof the streahi irelitesdd and 6¢thel

skilebagrsen wilunderstand hat separpte, ol oductiop Af thE Mhace ana

streams Sinto the distillation zone V'is also possible. In the distillation .
zone? Sepataticn FOBffécted HetwWeEEA alkandl stiédm s thee aromatic

lower-beding fraction aadya centarminated streasy eoaprising ghialkyl

carbonate. and aromatic alooholas the higher-bolling fraction, The

10alkariol stream is withdrawnvia a me? and compined
aromatic alcohol feedstock in line 1.

In a second transesterification zone III an alkylene
carbonate, introduced via a line 7, and an alkanol,
introduced via a line 8 are reacted in the presence of a
catalyst to yield a second product stream comprising
alkanediol and unconverted alkanol and dialkyl carbonate.
The catalyst may be present as a heterogeneous catalyst
or fed as a homogeneous catalyst into the
transesterification zone III with one of the reactants or
via a separate line (not shown). The second product
stream leave the zone IITI via a line 9 and is passed to a
Second separation zone IV where in one or more
distillation steps the second product stream is separated
into an alkanediol product stream withdrawn via a line 10
and a mixture of dialkyl carbonate and unconverted
alkanol discharged via a line 11. The mixture dialkyl
carbonate and unconverted alkanol is mixed with the
second recycle stream comprising alkanol, dialkyl

carbonate and aromatic alcohol from line 6, and the
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with the alkanol feedstock in line 8. It may be advantageous to fed the
alkanol stream into transesterification zone Ill at a location separate from

W8089 where line 8 debauches into the zone IIl. 15The E&HARAMHYAFP60S

stream comprising dialkyl carbonate and aromatic alcohol is passed via a
line 13 to one of the reactants of the fi_rsi Erapsesterifzcation zone I. In the
drawing the admixing with the dialkyl carbonate stream in line 2 is shown.
Itis also LPlotssible t tee(g this ZOcontami%atted str%amts,elpﬁargtel}é into the
zone' "6 fo oMb the Streéam with the Arbmatic alcohol stréamm indihe 1.

In thé présentprocessitheamoentscofidiatkyl dadsondte ardhalkamol tatg of

haveto-be pravided,via lines 252 and 8; respectively, ;g pinimal since,
the process provides a complete recycle of these products that are being

generafetf m-teproedss sSSP 2B AINS 999f0cess 16 thé' prépiratibh oS
diaryl sathanatedysreactioniofran anenmatic aleahkael with aidialkkyl 1n the

carbanate, Suhieh fiall cajbonale s heen.prapared by the (Raction, of
an alkanol and an alkyf)ene car%o%ate, which process comprises the
followiHgpstepss (8% passimg-as akomiticiésholcand addiakyl eaftbohate

into & firstdransesterification.zene te obtaiy afiestky1 carbonate and
aromatic alcohol as the higher-boiling fraction. The
alkanol stream is withdrawn via a line 12 and combined
with the alkanol feedstock in line 8. It may be
advantageous to fed the alkanol stream into
transesterification zone III at a location separate from
the location where line 8 debouches into the zone III.
The contaminated stream comprising dialkyl carbonate and
aromatic alcohol is passed via a line 13 to one of the
reactants of the first transesterification zone I. In the
drawing the admixing with the dialkyl carbonate stream in
line 2 is shown. It is also possible to feed this
contaminated stream separately into the zone I or to
combine the stream with the aromatic alcohol stream in
line 1.

In the present process the amounts of dialkyl
carbonate and alkanol that have to be provided via lines
2 and 8, respectively, are minimal since the process
provides a complete recycle of these products that are

being generated in the process.
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10product stream containing diaryl carbonate, alkanol, unconverted dialkyl
carbonate and unconverted aromatic alcbhot; (b) separating the first
product stream into a diaryl carbonate-rich product stream, an aromatic
alcohol-rich 15recycle stream and a second recycle stream comprising
alkanol, dialkyl carbonate and aromatic alcohol; (c) feeding alkanol and
alkylene carbonate into a secor@ tragsastgifgation zone to obtain a
second product stream comprising alkanediol and unconverted alkanol
and 20dialkyl carbonate; (d) separating alkanediol from the second
prdduct sieacessyitloran hkapediphpatduchsivéardi ardyd mimllubemat e by
oA ceroanas a8 Lneamuerce 2kentl (Wt HoR a0 AT Bonar e,
|alky carbonate an unconverte [kanol an he“second 1é
strwhrrr:dfbrdpﬂd;lkg lalkamioh atialky@ darisomete o aparatid e‘d(yohdmo tleact i on
g‘re ditilatien 18 0biaip aé‘na'ﬁ?’@h érr‘?é‘"ﬁ? uniqver-bgiing.f n??tk?@ess
a contaminated stream com ng dialkyl carbonaté and aromatic
almmp30§§met highé&ebobiting lﬁ@icﬂbﬁpﬁf) recycling the alkanol stream of
sta,e) todbeisegond vanshslerifcaiantpne: and % EEAssEerBenat e
mihated st eam comprising dialkyl carbonate and aromatic alcohol,
anldrth@ afomiafie aldohdnses redycld s@éadno 20 arst erapBblenfigatidr St
20BP oREcI CPPRARFUBINGIORIAN d wholele s Bianel Sl

step (e) contains from 0 to 10 %wt of dialkyl carbonate
unconverted dial kyl carbonate and unconverted aromatic

al cohol ;

(b) separating the first product streaminto a diaryl
carbonate-rich product stream an aromatic al cohol-rich
recycle stream and a second recycle stream conpri sing

al kanol, dial kyl carbonate and aromatic al cohol;

(c) feeding al kanol and al kyl ene carbonate into a second
transesterification zone to obtain a second product
stream conpri si ng al kanedi ol and unconverted al kanol and
di al kyl carbonat e;

(d) separating al kanediol fromthe second product stream
to yield an al kanedi ol product stream and a m xture of

di al kyl carbonate and unconverted al kanol ;

(e) subjecting the m xture of dial kyl carbonate and
unconverted al kanol and the second recycle stream
conprising al kanol, dial kyl carbonate and aronmatic

al cohol to the sane distillation to obtain an al kano
streamas the lower-boiling fraction and a contam nated
stream conpri sing dial kyl carbonate and aronati c al coho
as the higher-boiling fraction;

(f) recycling the al kanol stream of step e) to the

second transesterificati on zone; and
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3. Process according to claim 1 or 2, wherein the aromatic alcohol is
phenol. 104. Process according to any one of claims 1 to 3, wherein the
alkylene carbonate is ethylene carbonate or propylene carbonate. 5.
Process according to any one of claims 18e 4, wherein the alkanol is a
straight chain or branched Ci-C4 15alkanol. 6. Process for the

preparation of polycarbonates comprising preparing a diaryl carbonate by
red@ipn @feeas arognditivealcoindglamina tokalkd toaetlsonate myrthe ipngeedisal kyl

oIR8 SRR S AL IR o ol

A.rich recycle streamto the first transesterification
zone.
2. Process according to claim1, wherein the al kano
stream of step (e) contains fromO to 10 % of dialkyl
car bonat e.
3. Process according to claim1 or 2, wherein the
aromati c al cohol is phenol.
4. Process according to any one of clains 1 to 3, wherein
the al kyl ene carbonate is ethyl ene carbonate or propyl ene
car bonat e.
5. Process according to any one of clains 1 to 4, wherein
the al kanol is a straight chain or branched GC-GC,
al kanol .
6. Process for the preparation of polycarbonates
conprising preparing a diaryl carbonate by reaction of an
aromati c al cohol wth a dial kyl carbonate by the process
according to any one of clains 1 to 5, and pol ynerising
the diaryl carbonate with a di hydroxy aronmati c conpound,
preferably wth Bi sphenol A



